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ABSTRACT
Oysters are an economically and ecologically important shellfish species found
along most coastlines. Along the Georgia coastline, oysters form extensive reefs, and are
economically important as a food source. In addition, oysters perform a vital role in
maintaining water quality due to their high filtration capacity in coastal waters. Oyster
reefs form solid, 3-D substrate that prevent coastline erosion and provide structure for
numerous other coastal species to grow, including many commercially and recreationally
important species. Water quality factors, such as temperature and salinity, can influence
oyster density, condition, and growth, and ultimately affect the services the reefs provide
to the estuary. In this study, we examined whether oyster density, size, and condition were
different at sites that have different water quality. Oysters were collected within replicate
20x20cm quadrats from three locations along Georgia’s coast: Cabretta Creek and Hunt
Dock on Sapelo Island, and in front of the SKIO hatchery bulkhead. Oysters were
returned to the lab where they cleaned, measured and weighed, and then dissected for
condition index. Water quality data collected from the National Estuarine Research
Reserve System Wide Monitoring Program stations were used for water quality. Oyster
size and condition were then compared to water quality to identify which location has the
“healthiest” oysters, and ascertain which water quality factors might play a role.
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Introduction
Eastern oysters, Crassostrea virginica, are an important species that provide
many ecosystem benefits, both to coastal communities and to the estuarine ecosystems
around them. For example, oysters are a valuable commercial product used both as a food
source and building material, thereby stimulating coastal industry in catch and sale
(Grabowski & Peterson, 2007). Oysters are also ecosystem engineers along the coast. In
the environment, oysters provide substantial water filtering capabilities (Walles et al.,
2016), and form reefs that act as both a substrate for other organisms to live on and
around, and help to solidify the coastline and prevent erosion (Grabowski & Peterson,
2007).
Due to their ecological and economical importance, damage to an oyster reef can
be highly detrimental. Many factors can lead to a decline in the health of an oyster reef,
such as overharvesting, disease, and poor water quality. Oyster reefs are at increasing risk
of death and damage. Ecological changes can cause once-healthy reefs to wither and
decay, removing a vital food source and detrimentally affecting coastal communities
(Beck et al., 2011). Globally, almost 85% of oyster reefs have been lost, and so it is
critical to implement successful management strategies. This makes determining the
cause of oyster reef decay important to subsequently rehabilitate those reefs, restoring the
health of the ecosystems and economies built around them.
Water quality factors such as temperature, salinity, pH, dissolved oxygen, and
turbidity may have an effect on the size or condition of oysters in a reef. Identifying how
these factors affect oyster health and what conditions may be considered optimal can aid
in the rejuvenation and preservation of at-risk reefs. Oysters can survive a wide range of
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temperatures, but tend to undergo greater stress at high temperatures, causing mortality
(Guo & Ford, 2016). Oysters are also at peak performance under salinity levels of
15-25ppt (Shumway, 1996). Kong et al. (2022) states that oyster immune response and
nutrient absorption was decreased at pH levels below 7.8. Xie et al. (2021) reports that, at
12 H6 mg/L hypoxic conditions, hemocyte mortality was significantly increased
compared to the average 24 H6 mg/L.
Some studies measuring oyster health in Georgia have already been conducted.
Georgia and South Carolina coasts are the highest density, most complex, and most
reproductive regions along the eastern seaboard. This is possibly due to increased water
inundation and tidal energy (Byers et al., 2015). Oysters are also less likely to be preyed
upon by crabs in high flow environments (Pruett & Weissburg, 2020). Power et al. (2006)
reported that oysters in lower salinity environments were less likely to die from
widespread Perkinsus marinus infections compared to comparable populations in higher
salinity environments. These studies show how changes in the aquatic environment can
impact interspecies relationships.
Because water quality factors such as those states are liable to change as a
consequence of alterations to the global climate or local ecosystem, understanding if and
how they impact oyster health is vital for reef preservation (Carroll et al., 2021).
Therefore, my study sought to examine oyster metrics (density, size, condition) at sites on
the Georgia coast that vary in water quality (temperature, salinity, dissolved oxygen, pH)
to characterize which factor or factors might best explain oyster health. Specifically, I
collected oysters from 3 sites along the Georgia coast to explore these relationships.
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Methods
Study site
Three sites in coastal GA were selected for this study which varied in water
quality conditions. The Skidaway Institute of Oceanography (SKIO; 31.98915 N,
−081.02337 W; Figure 1) site was located on the Skidaway River adjacent to the UGA
Marine Extension and Georgia Sea Grant Shellfish Hatchery bulkhead. This site
experiences variable salinity (Dieudonne and Carroll, 2021). The two other sites selected
were on Sapelo Island within the Sapelo Island National Estuarine Research Reserve
(SINERR). I selected two sites, Hunt Dock (31.47841 N, -081.27289W) and Cabretta
Creek (31.43856 N, -081.23847 W; Figure 1) since they both have continuous water
quality data loggers as part of the NERR System Wide Monitoring Program (SWMP).
These two sites vary in multiple water quality metrics (Fig. 1).
Oyster Sampling and Processing
At each site, 4 haphazardly placed quadrats (20cm x 20cm) were placed in the
field. All oysters were excavated from within the quadrats, placed in labeled bags,
returned to the lab, and frozen until they could be processed. During processing, sample
bags were thawed, oysters were separated, cleaned, and enumerated to estimate live
oyster density per quadrat. Length and width (mm) and whole oyster weight (g) were
measured. Oysters were then dissected to calculate condition index (Figure 2). Tissues
were scraped into pre-weighed aluminum tins, placed in a drying oven for at least 24
hours. Dry tissues and shell weights were then measured. Oyster condition was
calculated as CI =
Data from SINERR

𝐷𝑟𝑦 𝑇𝑖𝑠𝑠𝑢𝑒 𝑊𝑒𝑖𝑔ℎ𝑡
𝑇𝑜𝑡𝑎𝑙 𝑊𝑒𝑡 𝑊𝑒𝑖𝑔ℎ𝑡 − 𝐷𝑟𝑦 𝑆ℎ𝑒𝑙𝑙 𝑊𝑒𝑖𝑔ℎ𝑡

× 100.
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Water quality data was not available for the samples collected from SKIO. Data
from the SINERR SWMP stations were accessed from the NOAA NERRS Centralized
Data Management Office. Each SWMP station has a YSI sonde set to log environmental
data (temperature, salinity, dissolved oxygen, pH, turbidity) continuously every 15
minutes. Data was requested on 28 February 2022 and downloaded on 28 February 2022.
Data Analysis
Summary statistics (mean, standard deviation, standard error) and plots were
completed using Microsoft Excel. Average oyster condition and size were compared to
water quality data tracked from their collection points over the year leading up to sample
collection.
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Figure 1. GPS image of the Georgia coastline with the sample collection sites at Cabretta
Creek, Hunt Dock, and Skidaway marked.
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Figure 2. A depiction of a dissected oyster, showing the outer shell and internal tissues.
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Results
Water quality
Water quality data was only available from the two sites on Sapelo Island - Hunt
Dock and Cabretta Creek. Temperature, salinity, dissolved oxygen, and pH varied
between the two sites. Cabretta Creek, being closest to the ocean, tended to be slightly
cooler and saltier, more oxygenated with a higher pH and lower salinity. Hunt Camp was
slightly warmer and fresher, with lower pH and dissolved oxygen and much higher
turbidity.
At Cabretta Creek, the average temperature was 21.6 ± 6.3℃ (mean ± SD),
ranging from 8.7 to 33.2℃. (Table 1, Fig. 3). The mean salinity was 27.8 ± 6.4psu, with
a low of 0.00, a high of 33.6 psu (Table 1, Figure 4). Average dissolved oxygen levels at
Cabretta Creek were 6.6 ± 1.5mg/L, with a range from 1.0 to 10.8mg/L(Table 1, Figure
5). The average pH at Cabretta Creek was 7.80 (Table 1). The high was 16.9 and the low
was -3.1, however, these measurements indicate a malfunction in the water quality data
collection instruments at a few timepoints. Finally, the average turbidity is 43.1 ± 431ntu,
ranging from 2 to 28770ntu (Table 1, Figure 6).
The average temperature at Hunt Dock tended to be warmer, 23.2 ± 6.0℃, with a
range from 10.4 to 33.4℃ Hunt Dock’s average salinity was 22.05 ± 4.3 psu and had a
low of 0.00 and a high of 32.5psu (Table 1, Fig. 4). At Hunt Dock, the average rate of
dissolved oxygen was 5.51 ± 1.73 mg/L, with a high of 10.2 and a low of 0.6mg/L (Table
1, Fig. 5). At Hunt Dock, the average pH was 7.45 ± 0.27. The high was 8.4 and the low
was 6.9. The standard deviation was 0.27 (Table 1). The average turbidity measurement
at Hunt Dock was 99.1 ± 1028ntu. The high was 34995 and the low was 0ntu (Table 1,
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Fig. 6).

Oyster Metrics
Oyster density varied across quadrats and sites (Figure 7). Cabretta Creek had the
highest overall oyster density, at 14.0 ± 5.6 individuals per quadrat, almost twice the
density at the other two sites. Hunt Dock had an average of 8.5 ± 5.3 oysters per quadrat,
and Skidaway had an average of 7.0 ± 2.2 oysters per quadrat (Fig. 7).
Oyster size was similar across all three sampling sites, averaging 57.3 ± 17.3 mm
in length and 30.5 ± 8.5 mm in width across all 3 locations. At Cabretta Creek, the
average length of oysters was 59.1 ± 17.2 mm with a width of 30.0 ± 9.1 mm. Hunt Dock
oysters were 56.2 ± 19.2 mm in length and 30.60 ± 10.1 mm wide. The average oyster
length at Skidaway was 55.9 ± 15.3 mm and the average width was 31.3 ± 6.5mm (Fig.
8).
Condition, however, was notably different. Cabretta Creek had the highest
condition index at 7.0 ± 2.0, followed by Hunt Dock with 6.3 ± 2.0, and Skidaway with
the lowest condition index of 4.8 ± 1.8 (Fig. 9). This suggests that oysters were healthiest
at Cabretta Creek.
Of the two collection sites that water quality data was available, Cabretta Creek
had the highest oyster density with the healthiest oysters. This site was characterized by
slightly cooler temperatures, saltier water, higher pH and dissolved oxygen, and lower
turbidity (Table 1). I unfortunately did not have enough data to fully explore these
relationships statistically, so these are general characterizations.

10

Table 1: Average water quality conditions for Cabretta and Hunt Dock, including,
Temperature in °C, Salinity, % Dissolved Oxygen, pH, and Turbidity.

Cabretta Creek

Hunt Dock

Mean

SD

Mean

SD

Temperature (°C)

21.6

6.3

23.2

5.0

Salinity (psu)

27.8

6.4

22.0

4.3

Dissolved Oxygen (mg/L)

6.6

1.5

5.5

1.7

pH

7.8

0.9

7.5

0.3

Turbidity (NTU)

43

431

99
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Figure 3. Temperature measurements in °C of water samples from 1 September 2020 to
30 September 2021 for Hunt Dock and Cabretta Creek.

12

Figure 4. Salinity measurements in practical salinity units of water samples from 1
September 2020 to 30 September 2021 for Hunt Dock and Cabretta Creek.
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Figure 5. Dissolved Oxygen levels in mg/L of water samples from 1 September 202 to
30 September 2021 from Cabretta Creek and Hunt Dock.
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Figure 6. Turbidity measured in nephelometric turbidity units of water samples from 1
September 2020 to 30 September 2021 from Hunt Dock and Cabretta Creek.
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Figure 7. Mean number of oysters collected per quadrat at each sampling site. Error bars
represent standard deviation.
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Figure 8. Mean oyster size, in length and width, across the three sampling sites.
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Figure 9. Mean oyster condition across the three sampling sites.
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Conclusions
Overall oyster health appears correlated with lower temperature, higher salinity,
dissolved oxygen, and pH, and with lower turbidity. This study provides some insights of
how differences in water quality can affect the health of oysters and establishment of
oyster reefs. By identifying ideal water conditions for oysters, it can improve restoration
of damaged reefs and management practices for this vital coastal species. This would
allow oysters to continue their role as ecosystem engineers and the services they provide
to coastal communities into the future.
Georgia coast has one of the largest, most complex populations of Crassostrea
virginica on the east coast (Byers et al., 2015), making it vitally important to ensure their
protection. As such, baseline studies examining factors that influence their health and
distribution are critical for successful management. Importantly, investigating how
oysters respond to current water quality conditions will be important to predict how
oysters might respond to future conditions associated with climate change. Seasonal
fluctuations and long-term trends both have dramatic impacts on oyster populations,
particularly by affecting oyster recruitment and growth (LaPeyre et al. 2016). By
leveraging resources at the Sapelo Island National Estuarine Research Reserver
(SINERR), I was able to utilize two sites with differing water quality to compare oyster
metrics.
Although more research is still needed, my research indicates that the oyster
population appears healthier at Cabretta Creek, the most oceanic of the sites surveyed.
This site had relatively high salinity - the mean was around 28 psu, and it was
consistently near 30 for most of the study period. That this site had the highest oyster
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density and healthiest oysters using condition index was in contrast to previous studies,
which suggest that oysters prefer lower salinities (Power et al. 2006). Likewise,
Shumway (1996) indicated that oysters operate best under salinity levels of 15-25ppt.
Oyster growth and condition may be optimized at lower salinities (Dieudonne and Carroll
2021) and tend to decrease as salinity increases toward oceanic conditions (Paynter and
Burreson 1991). It is unclear why our site with the highest salinity seemed to be the best
for oysters.
A recent study from coastal Georgia suggested that other site factors might
interact and confound salinity effects (Dieudonne and Carroll 2021). For example,
temperature can also play an important role in oyster health, with high temperatures
detrimental to oyster health (Guo & Ford 2016) because it is stressful and may enhance
diseases. Cabretta Creek had lower temperatures on average than Hunt Dock. Likewise,
low pH (Kong et al. 2020) and low dissolved oxygen (Xie et al. 2021) can both be
detrimental to oyster health, and both were lower at Hunt Dock than Cabretta Creek.
Lastly, turbidity may also be important. It could indicate food availability, in which case
more turbidity would be beneficial for oysters (Dieudonne and Carroll 2021), but it could
also be a good indication of sediment and other things in the water that can impede oyster
feeding (Loosanoff 1948). Lower turbidity might also indicate better flow conditions,
which also have an impact on oyster health and longevity (Pruett & Weissburg, 2020).
The lack of connections between the results of this study and of previous research
may indicate that individual water quality factors do not substantively affect overall
oyster health. It is possible that it is the interaction of these factors with other
environmental changes that alter oyster condition, as was posited in Power et al. (2006).
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Water quality changes could impact some other drivers of oyster populations, such as
predation (Pruett & Weissburg, 2020) or pathogen lethality (Power et al., 2006). For
example, the higher turbidity at Hunt Dock and subsequent increased filtration
requirements may have been one aspect contributing to its overall lower condition.
Alternatively, certain water quality factors, such as pH may have a greater impact on
oyster health than others, such as salinity, which could also account for differences and
similarities in results between studies. Therefore, combinations of water quality
conditions appear to be more important for oyster health than any individual factor.
Taking these possibilities together and using them to assess at-risk reefs can be
helpful in determining what factors may be causing their declining health and managing
oysters for projected future conditions. If ideal water quality environments for
Crassostrea virginica can be confirmed, then monitoring changes in those factors can not
only allow researchers to know what steps might be helpful in reviving a reef, but could
stop or mitigate reef decline if water quality is being monitored. Additionally,
associations between water quality factors and other environmental factors, such as
predation or disease, can aid in monitoring of those risks. Therefore, this research
provides important baseline insights into oyster population metrics and water quality in
coastal Georgia that can be beneficial for management of this important coastal resource.
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